Neonatal neurology is a growing subspecialty area. Given the considerable amount of neurologic problems present in the neonatal intensive care unit, a neurologist with expertise in neonates is becoming more important. We sought to evaluate the change in neurologic care in the neonatal intensive care unit at our tertiary care hospital by having a dedicated neonatal neurologist. The period post-neonatal neurologist showed a greater number of neurology consultations (P<.001), number of neurology encounters per patient (P<.001), a wider variety of diagnoses seen, and an increase in the use of video electroencephalography (P¼.022), compared to the period pre-neonatal neurologist. The neonatologists expressed appreciation for having a dedicated neurologist available. Standardized protocols for treating hypoxic-ischemic encephalopathy and neonatal seizures were also developed. Overall, by having a neonatal neurologist, neurology became part of the multidisciplinary team providing focused neurologic care to newborns.
Neonatal neurology is a growing subspecialty. 1, 2 The most commonly encountered neurologic diagnoses in the neonatal intensive care unit are brain injury relating to prematurity, hypoxic-ischemic encephalopathy, seizures, stroke, cerebral malformation, and abnormal tone. These problems are best addressed by the combined experience of pediatric neurologists with expertise in neonatal neurology and neonatologists with a special interest in the newborn brain, working closely within a multidisciplinary team whose goal is improving neurologic outcomes. Neonatal neurology has evolved over time, 3 and neuroprotection in the form of therapeutic hypothermia has become a standard of care for the asphyxiated term newborn. [4] [5] [6] Preventing brain injury in premature newborns is now a main concern. Seizure treatment practices in the newborn are also being actively studied. 7 Protection of the newborn brain and its treatment once injured are now possible, making this an exciting time in neonatal neurology. 8 Despite the widespread advancements in neurologic care, few centers have a neurologist devoted specifically to neonatal care. The objective of this study was to evaluate the impact of having a dedicated neurologist in the neonatal intensive care unit. We hypothesized that there would be an increase in neurology involvement by having a neonatal neurologist.
Methods
The Institutional Review Board ruled the proposed study met criteria for quality improvement. The retrospective study reviewed all neurology consultations in the neonatal intensive care unit at our tertiary care hospital from September 1, 2009, through February 28, 2012. A 10-week interval during 2011 was excluded because of a planned leave by the primary neurologist. Before employing a neurologist with a strong clinical interest in neonatal neurology in November 2010, the child neurologist covering the inpatient service conducted all neurology consultations. The study period from September 1, 2009 to October 31, 2010 was the 60-week pre-neonatal neurologist period and the period November 1, 2010 to April 11, 2011 and June 20, 2011 to February 28, 2012 was the first 60 weeks post-neonatal neurologist. All neurologist consultations were included during both periods.
The inpatient billing records for neurology consultations in the unit were obtained and included the International Classification of Diseases diagnosis codes and the number of encounters for each patient. 9 For each infant, birth date, gestational age at birth and Apgar scores, birth weight, admission date, consultation date and reason, if the patient had head ultrasonography, a head computed tomographic scan, and/or brain magnetic resonance imaging (MRI) with or without magnetic resonance spectroscopy, genetic testing, and any neurometabolic laboratory testing were recorded.
The time to neurology consultation was calculated as the difference in days between the consultation and the admission date. Routine electroencephalography (EEG) was documented for patients who had EEG that did not include video and was typically <1 hour long. Video-EEG studies were prolonged and included continuous monitoring. Patients who did not survive to the study time were noted. Each patient was categorized by reason for consultation into primary diagnosis groups of abnormal tone, seizures, hypoxic-ischemic encephalopathy, abnormal imaging, nerve problem, or brain malformation. The use of selective head-cooling for infants with hypoxic-ischemic encephalopathy was documented. Neurology follow-up rates were determined by whether a clinic appointment requested at discharge was attended.
The hospital does not have delivery services so all patients were born elsewhere. Occasionally, a newborn presented through the emergency department or from a primary care provider. The neonatal intensive care unit provides care to newborns requiring a pediatric subspecialist.
Statistical Analysis
Differences in demographic, clinical features, and assessment between patients seen before and after the addition of the dedicated neonatal neurologist were estimated using the Wilcoxon-Mann-Whitney rank test for continuous variables, w 2 test for categorical variables, and Poisson regression for count variables. A preplanned subgroup analysis was performed estimating differences between dedicated neonatal neurologist eras for those patients with hypoxic-ischemic encephalopathy. For this subgroup, all comparisons were evaluated with a Bonferroni-corrected type I error rate of 0.025. All analyses were completed using Stata, version 12.1 (College Station, Texas).
Results
The baseline comparison of the period pre-neonatal neurologist to the period post-neonatal neurologist is shown in Table 1 . Patients were similar regarding demographics despite the number who received neurology consultation in the neonatal intensive care unit showing a substantial increase, post-neonatal neurologist. Patients who received a consultation rose from 54 to 105 (P<.001), patient encounters increased from 71 to 283 (P<.001), and the average number of encounters per patient receiving consultation increased from 1.3 + 0.7 (mean + standard deviation) to 2.7 + 2.6 (P<.001). The primary diagnosis in each period is shown in Figure 1 . A larger patient variety was seen post-neonatal neurologist compared to pre-neonatal neurologist.
The overall frequency of neurologic tests showed little difference between the 2 periods; however, a substantial change in the frequency of routine EEG versus video-EEG was recorded. The pre-neonatal neurologist era had more routine EEG studies, and the period post-neonatal neurologist had more video-EEG studies ( Table 2) .
When only infants with hypoxic-ischemic encephalopathy are considered, a similar trend was seen. Although overall consultations did not differ significantly, the number of patient encounters, and the average number of encounters per patient receiving consultation increased (Table 3 ). Patients who received selective head-cooling increased as did the frequency of video-EEG use post-neonatal neurologist (P¼.006). An increase was also seen for genetic and neurometabolic testing in this group; however, these differences were not statistically significant because of decreased power of the subgroup analysis.
Discussion
A neurologist with dedicated time and interest in newborn neurologic disease increased neurologic specialty care input in the neonatal intensive care unit with a nearly 200% increase in the number of patients seen and an almost 400% increase in the number of patient encounters during the first 14 months the neonatal neurologist was available. We do not believe the overall patient population changed because admissions to the neonatal intensive care unit remained relatively stable, so this increase likely reflects the neonatologists accepting greater neurology involvement and a large number of newborns with neurologic disease. Having a single neurologist following patients for the duration of their admission resulted in an increased number of encounters per patient. This continuity of care is important, as some newborns have complicated disease processes and may require a lengthy investigation. A neurologist involved in the initial workup and evaluation, while communicating with other specialists and neonatologists as part of a multidisciplinary team, helps with understanding the disease process and the steps needed to evaluate the neurologic condition.
There was some expansion in the types of patients who received neurology consultation; however, the patients in each period were similar regarding baseline status. Neurology involvement was probably requested earlier than it would have been previously, for some cases, leading to more encounters per patient. For example, problems such as cerebral malformation, which previously was explained by the neonatologists and the patient later seen by neurology, now received consultation. A neurologist was then present at family meetings to answer questions about long-term outcome alongside the neonatologists. Seizures that quickly responded to treatment in the past were worked up often without neurology input. Patients received electroencephalograms sometimes without having consultations. After the start of a dedicated neonatal neurologist, patients with controlled seizures more often received neurology consultation. This helped in evaluating seizure etiology, management of antiepileptic medications, family discussions, and interpretation of test results. Follow-up and the best timing were also determined. Having a neurologist who is knowledgeable in current newborn treatments and neuroprotective therapies is essential. Standardized protocols can be developed. The neurologist is now notified about every electroencephalogram performed in the unit and is involved in deciding how long the test should be continued based on the history and the clinical reason for the test. EEG technicians provide continuous monitoring. Seizures are treated in a stepwise fashion typically first with loading doses of phenobarbital and progressing to levetiracetam for persistent seizures. 10 Hypotonia evaluation is also performed with a similar workup plan to focus the necessary testing (B.T. Darras, unpublished data, 2008).
By having a dedicated neonatal neurologist, a formal practice plan to standardize care was developed in 2010 for newborns with hypoxic-ischemic encephalopathy treated with selective head-cooling. Previously, neurology consultation was only requested if seizures were present following cooling. The practice plan includes a neurology consultation, video-EEG for at least 24 hours following removal of the Cool-Cap 1 (Natus Medical Inc., San Carlos, California), brain MRI and magnetic resonance spectroscopy following cooling at around day of life 5, follow-up in high-risk newborn clinic and hypoxic-ischemic encephalopathy clinic with follow-up brain MRI at age 1 year, and developmental testing at ages 18 months and 3 years. The neurologist performing most of the consultations is the one who observes the infants in the clinic, so this provides additional continuity of care. Before this, follow-up for newborns treated with therapeutic hypothermia was sporadic, so this has been an important improvement.
Education for child neurology and pediatric residents and neonatology fellows was also enhanced. Residents typically perform initial consultations and attend weekly neuroradiology conferences during which neuroimaging and case presentations are discussed. The neonatal neurologist also presents lectures to residents and fellows.
This model of care may lead to some cost increase, but the additional benefits outweigh the expense. Patients may have received similar amounts of neurologic diagnostic testing in each period; however, this study did not focus on the total number of tests but on the total for patients who received neurology consultations. The main difference is the neurologists' involvement with the results, bedside presence with the neonatologists to provide focused neurologic care, and more neurology communication with the family. Perhaps, prior to this change, there was not adequate coverage by neurology, so this change reflects improved multidisciplinary care for newborns with neurologic disease. Overall, video-EEG was likely increased postneonatal neurologist as this was when the practice plan for head-cooled patients with hypoxic-ischemic encephalopathy was started and because the neurologist began helping with the decision on the EEG type to best address the clinical concern. The neurologist was also more involved in patients with hypotonia and cerebral malformation who often require genetic and neurometabolic testing, reflecting a higher frequency of these types of tests post-neonatal neurologist.
A similar service can be established at hospitals that have a neonatal intensive care unit and a child neurologist with a special interest in neonatal neurology. Time involved to cover the neurology patients can be variable. Our neonatal intensive care unit has about 850 admissions per year, with about 12% needing a neurology consultation. This resulted in a need for about 20% time of a full-time neurologist. Before initiation, the neonatology and pediatric neurology sections and the department of pediatrics chairman approved the plan as a way to provide excellent, up-to-date, standardized neurologic care to newborns. The neonatal neurologist sees all consultations during the week. Most new and follow-up consultations are seen on Monday, Wednesday, and Friday, leaving Tuesday and Thursday for more urgent consultations. When not available, the service is covered by the inpatient neurologist. Patients requiring close follow-up during off hours are discussed with the child neurology resident and inpatient attending. The neonatologists were welcoming of having this dedicated neurology service. An improvement that could be made would be the addition of another neurologist with a similar interest sharing the service responsibility and improving discharge continuity of care. There are several limitations to this retrospective study. This analysis cannot conclude that having a dedicated neonatal neurologist improves care or outcomes. The inclusion of a survey before initiation would have enabled a measure of improved satisfaction in neurologic care among providers and parents. Regardless, the positive feedback received indicated that this role is important.
Including a dedicated neurologist in a neonatal intensive care unit may represent an improved model of care. The neurologist can play an integral part in evaluating known or suspected neurologic processes, the daily management regarding these conditions, and in communicating with the family about test results, brain imaging, and their newborns' neurodevelopmental prognosis. Therefore, the neonatal neurologist should be a welcome addition, as an increased focus on the brain at this early age might lead to improved outcomes for the youngest neurology patients. Further studies aimed at quantifying improved neurologic outcomes with a model of care that incorporates a neurologist as part of a multidisciplinary team in the neonatal intensive care unit need to be performed to understand the full benefit this care provides.
